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1.
Introduction
Work item “Coordinated Multi-Point Operation for LTE – Uplink Core Part” [1] was agreed at RAN#53 as one of the prioritized items for Rel-11. One of the WI objectives is [1]:

· Study the extent to which specified support is beneficial for UL CoMP operation in homogenous and heterogeneous configurations studied in the CoMP study item. The areas for study include: 

· Enhancements and requirements on uplink reference signals to improve the DM-RS and SRS capacity and reception
· [...]
In this contribution, we consider Rel-8/9/10 DM RS limitations from UL CoMP reception viewpoint and, hence, related UL DM RS enhancements needed for improved CoMP reception. We see that UL CoMP reception should not be coupled only to either intra-cell CoMP or inter-cell CoMP but should be applicable in both cases. 
2. Uplink demodulation reference signal
When considering UL DM RS from CoMP viewpoint, one of the main issues is the gain from inter-cell orthogonal DM RS. In [2], we compared cell edge and average throughput gains for inter-cell orthogonal and non-orthogonal DM RS when joint reception CoMP is employed. It was concluded from the results that inter-cell orthogonal DM RS within the UL CoMP coordination set improves significantly throughput gains from joint reception. This is in line with the results presented by other companies [3].
2.1 Inter-cell orthogonal DM RS for legacy UEs
It is possible to configure inter-cell orthogonal DM RS already with Rel-8/9/10. This is achieved by configuring the same sequence group and the same cyclic shift hopping pattern to be used on PUSCH within a CoMP coordination set, that is, set of cells configured to UL CoMP reception. However, DM RS orthogonality in Rel-8/9 is based on cyclic shifts, which require that the same PRB allocation is used among all PUSCH transmissions having mutually orthogonal DM RS. In fact, as shown in [3] and [4], assigning the same base sequence group for co-scheduled UEs with only partly overlapping PRB allocations can cause occasional high cross-correlation peaks between the DM RS sequences. Actually, the benefit from PRB allocation flexibility e.g. in terms of enhanced FDPS with MU-MIMO was realized already during Rel-10 standardization and OCC was introduced. Since the CS hopping pattern can be configured to be the same within the CoMP area (although the cell-IDs cannot be arbitrary), OCC can be used to enforce also inter-cell orthogonality over two UEs belonging into different cells and having partly overlapping BWs. 
However, Rel-10 OCC has three major shortcomings from the viewpoint of inter-cell orthogonal DM RS:

· It can used to pair only two different PRB allocations, which is insufficient for flexible UL CoMP operation. Scheduling restrictions are faced already with intra-site CoMP of 3 sectors. 

· The orthogonality based on OCC is sensitive to even moderate Doppler spreads and, therefore, the demodulation performance in MU-MIMO and CoMP cases can be negatively affected, particularly with partly overlapping PRB allocations due to occasional high cross-correlation peaks.

· An inter-cell DM RS randomization, except for cyclic shift hopping, has to be disabled when OCC is used. Inter-cell randomization is still an important feature to guarantee sufficient DM RS randomisation between CoMP coordination areas when sequence planning is not employed over the whole network.  

Observation 1: Rel-10 OCC supports only limited scheduling flexibility for CoMP.

2.2 On UE-specific DM RS configuration
In RAN1#67, it was agreed as working assumption that both base sequence group and CS hopping pattern can be configured in a UE-specific manner. We support the agreement, as the feature is beneficial in several possible situations, e.g.: 
· Case 1: Scenario 3 when DL and UL signals are received via different Rx points without resorting to joint CoMP reception. 
· Case 2: Joint reception inter-cell CoMP (Scenario 1-3) when legacy UEs are not configured to use only single DM RS sequence group on the CoMP cluster due to related scheduling restrictions. UE-specific configuration allows for the use of inter-cell orthogonal DM RS with Rel-11 UEs when paired with legacy UEs or other Rel-11 UEs in neighbouring cells. However, the configuration needs to be dynamic so that inter-cell orthogonal DM RS can be flexibly used without new related scheduling restrictions, as illustrated in Figure 4 in Appendix.
· Case 3: JR CoMP in Scenario 4 or in Scenario 3 when legacy UEs are configured to use only single DM RS sequence group on the CoMP cluster. UE-specific configuration is a beneficial way to improve inter-cell interference randomization for UEs not part of CoMP reception. Inter-cell orthogonal DM RS is needed only when any of the PUSCH signals received via a given Rx point (or cell) is part of CoMP reception. CoMP reception is not needed for all UEs – for example 20-35% of UEs significantly benefit from CoMP reception in Scenarios 2. When there is no need for CoMP reception, there is no need for inter-cell orthogonal DM RS either. Then reasonable inter-cell interference randomization is the better option.
It remained for further study whether base sequence group and CS hopping pattern should be independently or jointly configured and whether configuration is semi-static or dynamic. We see dynamic configuration as the preferred option. Semi-static UE-specific configuration of base sequence and/or CS hopping pattern means undesirable scheduling restrictions for both MU-MIMO as well as for joint reception CoMP operation as illustrated in Figure 4. The required overhead as well as standardization effort for dynamic configuration can be kept acceptable. For example, some of the codepoints on CIF can be configured to indicate two different DM RS configurations for the same cell. Due to rather large size of CIF, some of the codepoints may be re-configured for DM RS use without sacrificing too much on carrier aggregation functionalities. Another alternative for dynamic configuration of inter-cell orthogonal DM RS is to resort to OCC with semi-static and separate configuration of base sequence and CS hopping pattern. However, we see this as less attractive solution as two of OCC shortcomings in CoMP use discussed in Section 2.1 remains.
We think that the joint configuration of base sequence group and CS hopping pattern, e.g. by UE-specific re-configuration of PCI value used in definition of PUSCH base sequence group and CS hopping pattern, already increases DM RS configuration flexibility considerably as well as provides with good inter-cell randomization properties. However, additional benefits of configuring the CS hopping pattern independently could be studied further. 
Proposal 1: Dynamic UE-specific assignment of sequence group and CS hopping pattern should be supported.
Proposal 2: Benefits of configuring the CS hopping pattern independently should be studied furher.
2.3 New set of CoMP DM RS sequences
With Rel-8/9/10, uplink CoMP gain enhancement from inter-cell orthogonal DM RS is obtained with the penalty of severely limiting the scheduling flexibility. Here we discuss potential DM RS enhancement methods discussed in previous meetings for retaining the inter-cell orthogonality while increasing scheduling flexibility.

A method to increase PRB allocation flexibility is an IFDM technique proposed, e.g., in [4]-[7]. IFDM allows co-scheduling of up to K (where K corresponds to repetition factor of IFDM) UEs with arbitrary bandwidths, but it may have degrading impact on channel estimation accuracy on high SNR as discussed in [3]. This performance degradation becomes quite evident when K increases beyond two. Additionally, IFDM will shorten the reference sequence per PRB, which has negative impact on interference estimation at eNB. Also, IFDM requires introduction of new DM RS sequence lengths. If Rel-8 approach is followed, this means that a computer search is needed to find suitable new sequences for supporting also narrow PRB allocations. This can mean quite considerable standardization effort as learnt during Rel-8 WI. 
Observation 2: IFDM technique allows inter-cell DM RS orthogonality with arbitrary bandwidths but may have negative impact on demodulation performance.

Alternative to IFDM method is to add a new base sequence – CoMP sequence – to each sequence group for CoMP DM RS purposes. The length of new sequence in the group is equal to UL system bandwidth. As with Rel-8/9/10 configuration, the same base sequence is used in all cells of CoMP coordination set. Up to 12 cyclic shifts are applied to the full-length base sequence to form a group of orthogonal “full length” sequences that are specific for CoMP coordination set. Each CoMP UE in the coordination set is assigned to one of the base sequence cyclic shifts. The difference to previous releases is that each UE uses only a portion from the “full length” sequence according to its PUSCH PRB allocation as a UE specific DM RS sequence. In this way, all CoMP UEs in the coordination set are guaranteed to have orthogonal DM RS resources, irrespective of their PUSCH PRB allocations. 
Figure 1 shows how 4 UEs with partially overlapping PRB allocations could obtain their respective DM RS sequences. The length of base sequences can be longer than the adopted UL system bandwidth. So, it may be desirable to find suitable sequences for maximum UL system bandwidth and use these as base sequences for all possible configurations of system bandwidths. 
Advantages of this approach to improve PRB allocation flexibility for inter-cell orthogonal DM RS include:

· New DM RS sequences have essentially the same characteristics as Rel-8/9/10 DM RS sequences (see Appendix 1).

· Allows for full flexibility in PRB allocations.

· Slot-base sequence group hopping can be allowed for Rel.11 UEs if not co-scheduled with legacy UEs.

· Simple to implement from the control signaling point of view as Rel-10 DCI signaling for cyclic shift and OCC can be re-used. 
· OCC could be used to render CoMP UEs orthogonal to legacy UEs when sequence group hopping is not applied.
It is also noted the standard impact is reasonable and well isolated as the approach requires only additions related to sequence groups, cyclic shifts and physical resource mapping.  

Proposal 3: Consider defining a new set of CoMP DM RS sequences so that a full-scale scheduling flexibility is obtained without trading off the requirement for inter-cell orthogonal DM RS.
Finally, it should be noted that any changes to DM RS mean effectively introduction of new DM RS mode (or configuration), as Rel-11 UE needs to support also Rel-10 DM RS simply due to initial access. It is natural that new DM RS mode would be configured or enabled by RRC. Additionally we see that dynamic switching between Rel-10 and Rel-11 DM RS mode should be considered. Such dynamic switching would efficiently support Rel-11 UE pairing with other Rel-11 UEs as well as with legacy UEs while allowing for orthogonal DM RS configuration in both cases. Dynamic switching between DM RS modes can be easily supported with the signaling for dynamic base sequence and CS hopping assignment. It can be introduced simply as another configuration option; eNB may decide & configure whether the dynamic signaling is used for switching between the sequence group & CS hopping combinations, or for switching between DM RS modes.
Proposal 4: Consider extending the configuration options for the dynamics sequence group and CS hopping assignment to cover also switching between legacy DM RS and Rel-11 DM RS mode.
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Figure 1. Illustration on DM RS sequence derivation for CoMP UEs in the CoMP coordination set.
3.  Summary
In this contribution, we considered Rel. 8-10 DM RS and some enhancement proposals on it from the viewpoint of UL CoMP and made following observations:
Observation 1: Rel-10 OCC supports only limited scheduling flexibility for CoMP.
Observation 2: IFDM technique allows inter-cell DM RS orthogonality with arbitrary bandwidths but may have negative impact on demodulation performance.
For Rel-11 DM RS enhancements we  propose:

Proposal 1: 
Dynamic UE-specific assignment of sequence group and CS hopping patterns should be supported.
Proposal 2: Benefits of configuring the CS hopping pattern independently should be studied further.
Proposal 3: 
Consider defining a new set of CoMP DM RS sequences so that a full-scale scheduling flexibility is obtained without trading off the requirement for inter-cell orthogonal DM RS.
Proposal 4: 
Consider extending the configuration options for the dynamic sequence group and CS hopping assignment to cover also switching between legacy DM RS and Rel-11 DM RS mode.
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Appendix 1 – Cubic metric properties
Taking only a portion of Zadoff-Chu sequence to be used as an UE-specific DM RS sequence degrades the CM properties of transmitted signal as is well known. However, the degradation can be kept insignificant by selecting the set of base sequences so that CM degradation is “properly minimized” over all possible PRB allocations. Especially, the cubic metric should be minimized over small allocations (1-3 PRBs) since typically cell edge UEs communicate on such small bandwidths. Small CM is particularly important for cell edge UEs due to their high uplink transmission power. 

As an example, a set of 30 sequences, with the length of 100 PRBs, was found via the following minimization procedure: 1) best 90 sequences minimizing a mean CM over small PRB allocations (1-3 PRBs) and all possible combinations of allowed frequency positions and cyclic shifts were found by simulation and 2) 30 out of these 90 sequences were selected (via simulations) so as to minimize a mean CM over all possible PRB allocations and all possible combinations of allowed frequency positions and cyclic shifts. The system bandwidth used in simulation was 10 MHz. A resulting set of 30 base sequences had the following sequence group numbers: {95, 102, 103, 105, 114, 124, 207, 270, 362, 430, 437, 440, 441, 438, 439, 752, 753, 754, 755, 756, 763, 831, 923, 986, 1069, 1079, 1088, 1090, 1091, 1098}. For this set of sequences, cumulative distribution function (cdf) of the CM was measured over a subframe for the complete set of possible PRB allocations (both bandwidth and position) and cyclic shifts for QPSK data modulation. In addition, cdf of the CM was similarly measured for the complete set of small (1-3 PRBs) allocations. Resulting CM distributions are compared to corresponding CM distributions with Rel-8/9/10 DM RS in Figure 2 for all allocations and in Figure 3 for small allocations. It can be noted that CM increase remains below 0.1 dB for small PRB allocations.
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Figure 2.  Cdf of the CM (over all allocations) for new CoMP DM RS and Rel-8/9/10 DM RS sequences.
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Figure 3.  Cdf of the CM (over small allocations) for new CoMP DM RS and Rel-8/9/10 DM RS sequences.

Appendix 2 – Scheduling restrictions due to semi-static base sequence and CS hopping configuration

Joint reception inter-cell CoMP whenmultiple DM RS sequence groups are used on the CoMP cluster is considered. It is also assumed that configuration of base sequence and CS hopping pattern is semi-static and inter-cell orthogonal DM RS is achieved by the use of OCC. One example of resulting scheduling restrictions is shown in Figure 4. 
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Figure 4.  CoMP scheduling restriction faced with semi-static base sequence and CS hopping pattern configuration
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